The nature of lag variation of Galactic black holes remains enigmatic mostly because of nonlinear and non-local physical mechanisms which contribute to the lag of the photons coming from the region close to the central black holes. One of the widely accepted major sources of the hard lag is the inverse Comptonization mechanism. However, exact reason or reasons for soft lags is yet to be identified. In this paper, we discover a tight correlation between radio intensities of several outbursting Galactic black hole candidates and amounts of soft lag. The correlation strongly suggests that the presence of major outflows or jets also change the disk morphology along the line of sight of the observer which produces soft lags. We discuss possible nature of such changes using results of numerical simulations around black holes published in the literature.
INTRODUCTION
X-ray lags of Galactic black hole candidates (hereafter GBHs) are reported in the literature Miyamoto et al. (1988) for quite some time. GBHs exhibit a complex lag behavior which are very difficult to interpret within the standard framework. However, it was understood that the lags are originated from the accretion flows (Cui, Chen & Zhang (1999) ; Nowak, Wilms & Dove (1999) ; Poutanen & Fabian (1999) ; Kara et al. (2013) ; Dutta & Chakrabarti (2016) (hereafter DC16), Chatterjee, Chakrabarti & Ghosh (2017b) (hereafter CCG17b)) and several attempts were made to understand the lag spectra in presence of Comptonization, reflection and magnetic field and gravitational focusing. DC16 pointed out that the soft lags are seen in high inclination angle (θ obs 60 • ) sources. It was found that above a certain QPO frequency (νtr), the lag changes sign from hard to soft. Later, van den Eijnden et al. (2017) performed a survey over 15 GBHs and also found that the soft lags were seen only in case of high θ obs candidates. Coupled with Ray-Tracing (Chatterjee, Chakrabarti & Ghosh (2017a) , hereafter CCG17a) and Monte-Carlo simulations, CCG17b showed the energy dependent lag variations as a function of the size of the Compton cloud, accretion rate and inclination angle. Effects of inclination angle (see CCG17a for further details) on lag magnitude were demonstrated as well. Inverse Comptonized photons naturally lag behind ⋆ E-mail: arkachatterjee@bose.res.in, arka019icsp@gmail.com soft photons that are coming directly to the observer. With increasing inclination, number of reflected photons by disk increases (see CCG17a) also. The simulations by CCG17a showed a similar lag variation as were observed by DC16 in case of GX 339-4. Recently, Dutta, Pal & Chakrabarti (2018) studied time lag properties of GRS 1915+105 in its χ state. However, the disk-jet connections were generally ignored in understanding the lag behavior of black hole candidates. CCG17b first suspected the possibility of a correlation between time lag and radio flux seen in case of XTE J1550-564 in its 1998 outburst.
In order to understand the emergence of softlags, it is worthwhile to study the flow behavior of a transonic flow solution based model of black hole accretion, namely, the Two Component Advective Flow (TCAF). TCAF explains spectral (see ?, hereafter C95; Chakrabarti & Titarchuk (1995) , hereafter CT95) and temporal (see, Chakrabarti & Manickam (2000) ) properties of GBHs quite successfully. In TCAF paradigm, the sub-Keplerian flow encounters a centrifugal barrier while falling onto a black hole which gives rise to the formation of a shock wave (see, Chakrabarti (1989) for further details) at a few Schwarzschild radii. The post-shock region becomes hotter and is puffed up to create a so-called CENtrifugal barrier supported BOundary Layer of CENBOL which acts as a hot Compton cloud (CT95). In an outbursting source, the Keplerian component gradually moves in through the enhanced sub-Keplerian flow and the size of the CENBOL is reduced (see Fig. 6 of Chakrabarti, Dutta & Pal (2009)) as the object goes from hard to softer states. As in Bondi flow, the transonic flow based TCAF also has outflows intrinsic to it (see Chakrabarti (1990) ). The actual computation of the outflow rate shows a peak in the ratio of the outflow to that of the inflow rate when the shock strength (R = ρ + ρ − ) is intermediate. Depending on R, the jet may be blobby in the SIMS (as 1 R 2) or continuous (compact) in the HIMS (see Chakrabarti (1999a) ). Numerical simulations of transonic flows around black holes Hawley et al. (1984) , Molteni et al. (1994) produce a significant amount of outflow, part of which returns back to the inflow when the specific angular momentum is low enough. More recently, Kim et al. (2019) clearly showed in a fully general relativistic simulation that a compact jet and a wider returning outflow (ROF) co-exists. In fact, the ROF is always found to exist in all these simulations since not all matter can attain the escape velocity. Because the high inclination observations necessarily have to be through this ROF, their role in creating lags cannot be ignored. Though Muno et al. (2001) first reported that the lag sign changes in presence of higher activity in radio waves in GRS 1915+105, no follow-up observation or correlation was established to conclusively add outflows among the contributors of time lag. In the present article, we conduct a study on four GBHs where the correlations between radio fluxes and soft lags are investigated.
This Letter is structured in the following way: the next Section deals with the observations and data analysis. In §3, we examine results of each candidate along with a brief description of each source. Assuming the TCAF paradigm, we discuss possible physical explanations to corroborate observational results in §4. In §5, we draw our Concluding remarks.
OBSERVATION AND DATA ANALYSIS

Radio Data
We have used available archival VLA data for our study. VLA has twenty seven fully steerable antennas of 25 diameter each, arranged in a 'Y' shaped array. Antenna configura-tions depend on scientific goals. The most expanded configuration is known as the 'A' configuration and the most compact one is called the 'D' configuration. 'B' and 'C' configurations are intermediate. Occasionally antennas are placed in a hybrid configurations, like 'AB', 'BC' or 'CD' when some of the antennas are in one configuration and some of them are in another. Analysis and imaging of the data was carried out with Astronomical Image Processing System (AIPS). The bad data were flagged. We used the flux density scale of Perley & Butler (2013) . Ten seconds of integration time was used for solving amplitude and phase calibration.
X-Ray Data
We have produced time lag spectra for each observation using RXTE PCA archival data. The cross spectrum is calculated using CF (j) = f * 1 (j) × f2(j), where f1 and f2 are the complex Fourier coefficients for the two energy bands at a frequency νj. Here f * 1 (j) is the complex conjugate of f1(j) (van der Klis et al. 1987) . The phase lag between two band signals at a Fourier frequency νj is given by φj = arg[CF (j)] and the corresponding time lag is φj/2πνj (Uttley et al. 2014) . We calculated an average cross vector CF by averaging complex values over multiple adjacent 16s cross spectra and then finding the final value of time lag versus frequency. We calculate time lags at the QPO centroid frequency (νc) averaging over the interval νc ± F W HM for each energy band mentioned above against 2.0-5.23 keV energy band. In all time lag spectra, positive lag values mean that hard photons are lagging behind soft photons. We found that dead time effects are negligible and have ignored all the lag data where the error bar is more that 20% of the time lag value. Current article contains only the lag properties of Low Frequency QPOs (type-A, type-B and type-C, see Motta et al. (2015) for further details) within the frequency range of 0.01 − 15.0 Hz. 
RESULTS
XTE J1550-564
XTE J1550-564 was discovered by RXTE ASM (Smith 1998) . The ASM count of the outburst achieved its peak on MJD 51076. The radio (Campbell-Wilson et al. (1998) ) and optical (Orosz, Bailyn, & Jain (1998) ) counterparts of this Galactic transient were detected shortly after that. Radio flux at 843 MHz peaked roughly (∼ 58 hours) two days later than the X-ray. However, the maximum flux at higher frequencies was seen a day before (see Fig. 1a ).
During the rising phase (51065-51076), QPO frequency is increased monotonically (see, DC16) with a sudden 'hiccup' on MJD 51072. Declining phase started after MJD 51076 where the QPO frequency started to decrease. Interestingly, we find that a soft lag maximum occurred on the same date (see Fig. 1a ) as the radio peak flux in 8.6 GHz band. The days when the detected radio flux was low, the lag remained positive. With increasing radio flux, the magnitude of soft-lags started to increase.
XTE J1859+226
Wood et al. (1999) discovered XTE J1859+226 using on board ASM of RXTE mission. Radio (Pooley & Hjellming 1999) and optical counterparts were discovered (Garnavich et al. 1999 ). Motta et al. (2015) classified the QPO types of this particular candidate along with several others according to their inclination. Brocksopp et al. (2002) suggested disc-jet connection from the Radio-X-Ray correlations for this particular outburst.
Within our region of interest, the source exhibited one giant radio flare and few short radio bursts. Out of all the X-ray data that we have analyzed, positive lags are found in only eight days. During the peak of radio flux, we find a local soft lag minimum (see Fig. 1b ). However, the lag sign switched soon after and simultaneous radio flux also decayed. Radio data during the interval 51468.5 to 51469 was unavailable (see Fig. 1b ). In spite of this, from Fig. 1b , we can clearly see the correlation between radio and soft-lag in this object. The regions where hard lags were detected (see Fig. 1b ), observational data in nearby days showed that the object was in a rather radio quiet state.
H 1743-322
Ariel V (Kaluzienski & Holt 1977) and HEAO 1 (Doxsey et al. 1977) satellites discovered H 1743-322 during its 1977 outburst. After remaining in quiescent state for 26 years, the source underwent a long outburst (discovered by Revnivtsev (2003) ) in 2003. The source was detected in wide range of electromagnetic spectrum (see Corbel et al. (2005) for radio counterparts; Steeghs et al. (2003) for optical counterparts). McClintock et al. (2009) performed extensive multi-wavelength studies of the 2003 outburst and discussed similarities with the 1998 outburst of XTE J1550-564. Since then, the source exhibited series of outbursts around one or more per year.
VLA Radio data (see, details in Table 1 ) during that outburst are analyzed. During the 2003 outburst, the first radio peak occurred on MJD 52737. It is seen that the ASM count and radio profiles generally correlate if the X-ray data is shifted to superimpose on radio emission date earlier by 16 days (Fig. 1c ). During this time, the source exhibited one giant (∼ 70 mJy) flare and five smaller radio bursts. During the first radio peak, we see soft-lags as we have observed for the previous two candidates. However, the magnitude of the lag is relatively small. Trailing that, rest of the radio maxima correlate (blue lines in Fig. 1c) with the observed softlag maxima. We also report the reverse correlation (green vertical line in Fig. 1c) where the hard lags are found in the absence of radio jets.
We argue that the excess radio flux (boxed region in Fig. 1c ) of the initial flare (between MJD 52735-52738) may not be connected with the disk. Instead, this contribution could have originated far away from the accretion disk where matter from the donor star piled up (see schematic illustration in Fig. 2b ). We assume that this burst at pile up radius provided an overflow of matter which may have created an optically thick region responsible to trap photons for ∼ 16 days (10 5 − 10 6 years in case of Sun) causing a radio lead during this particular outburst. The absence of iron line (see McClintock et al. (2009) , Table A1 ) after MJD 52739 in SIMS state suggests that the photons emitted from iron Kα shell massively interacted with the relatively dense ambient medium and finally redistributed with the blackbody photons. Further investigations over radio, optical and X-ray bands are being pursued to specifically address the reason of radio lead for this atypical outburst. -Tirado et al. (1992) discovered GRS 1915+105 using WATCH on board GRANAT satellite. Apparent superluminal jets were detected (Mirabel & Rodríguez (1994) ). The candidate showed complex X-ray flux variabilities both in long and short duration (Greiner et al. 1996) . For LFQ-POs, Reig et al. (2000) reported both hard and soft lags. Muno et al. (2001) performed multi-wavelength studies of GRS 1915+105 during 1996 GRS 1915+105 during -1997 where no apparent correlation between X-ray and radio were reported.
GRS 1915+105
Castro
During this period, around ten radio flares are seen. Activity in Radio is reduced substantially in the interval of MJD 50450 to MJD 50550 (see Fig. 1d ). We find that the radio peaks and the lag minima occurred on the same date. Between the first two peaks (on MJD 50283 and 50293) a dip in the radio flux was observed (see Fig. 1d ). Following that, corresponding lag value decreased during this interval. However, no radio observation was found on MJD 50290. We see the hard lags spiked during this interval and after that lag sign switched. Reig et al. (2000) pointed out the magnitude asymmetry of the hard and soft lags of GRS 1915+105. Figure 1 clearly suggests a correlation between the soft lag and radio flux profiles. Kim et al. (2019) show that most of the outflow has sub-escape velocity and returns back to the equatorial region while only a fraction can achieve escape velocity and leave the system along the axis from CENBOL. This return flow down-scatters hard photons and creates soft photons with large time lag. Since return flows are always associated with the jet activity, we find soft-lags to be higher when activity of the jets is also high. Figure 2a presents a cartoon diagram of the system. The effects mentioned above are only discernible for high inclination angle systems as gravitational bending enhances the number of hard photons (see CCG17a) which will eventually downscatter with the ROF along the line of sight of the observer.
DISCUSSIONS: POSSIBLE ROLE OF OUTFLOWS
CONCLUSIONS
X-ray lags are important to understand the evolution of the geometry of an accretion disk and dominant physical mechanism. We showed here that soft lags are correlated with the radio intensity for some low mass X-ray binaries. We believe that this is a generic property of such systems since whether jets are produced ahead of outbursts (as in H1743-322) or during the outbursts, return flows will always downscatter hard photons as observed by high inclination systems. We conclude that:
1. Soft-lags are concurrent with the radio flares.
2. Outflows evolve with the evolution of disk. Along with Comptonization, reflection and effect of curved geometry (see DC16 and CCG17b), return outflows play a crucial role in the evolution of lag profiles.
3. Our result clearly demonstrates a model independent physical phenomenon which connect disk properties with jet activities. Figure 2. (a) A cartoon diagram of the formation of jets and return flows from an advective disk. Also shown are downscattering of hard photons by the return flows for high inclination observers which causes soft-lags associated with compact jets. Such cases do not have time delay between the jet activity and soft lag. (b) Similar to (a) but the jets is produced from the piling up radius and X-ray intensity is enhanced once the Keplerian matter reaches the inner edge. Such cases are characterized by a constant time delay due to viscous travel time in Keplerian disks after the jet is triggered at pile up radius.
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